m * 

DECLARATION 



I, Hiroshi AMANO, Patent Attorney, a president of Amano, Watanabe 
& Associates, Shine-Mita bldg. 5F, 40*4, Shiba 3-chome, Minato-ku, Tokyo, Japan, 
hereby declare that I am conversant with both Japanese and English languages 
and that the attached document is a true and exact translation of the claims and 
the specification of International Application PCT/JP03/07982. 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to 
be true. 



Dated: December 16, 2004 



, /./T2. 

Hiroshi AMANO 



10/519002 

DT01 Rec'd PCT/PTC 2 7 DEC 2004 



CIRCUIT BOARD UNIT 
ANJ> 

5 METHOD OF CONNECTING BOARDS TO EACH OTHER 

FIELD OF THE INVENTION 

The invention relates to a circuit board unit including a plurality of 
substrates, and a method of connecting circuit boards to each other, and more 
10 particularly to a structure for connecting flexible printed circuit (FPC) boards 
includes in various electronic devices, or printed circuit boards such as a rigid 
printed circuit (RPC) to each other, and a method of connecting them to each 
other. 

15 PRIOR ART 

In an electronic mobile terminal such as a mobile phone or PDA 
(personal digital assistant), a plurality of printed circuit boards on each of which 
a lot of electronic components are mounted has been conventionally arranged in a 
limited space. For electrically connecting such circuit boards to one another, 
20 there is usually used a connector or bonding medium such as solder. 

FIG. 9 is a plan view of an example of a conventional circuit board unit 
including a plurality of circuit boards electrically connected to one another. 

As illustrated in FIG. 9, the circuit board unit includes two RPC 
substrates la and 2a electrically connected to each other through two connectors 
25 10a and 20a. Specifically, the two RPC substrates la and 2a are electrically 
connected to each other with being kept in parallel with each other. For 
instance, a male connector 10a is arranged on the RPC substrate la, and a 
female connector 20a is arranged on the RPC substrate 2a. The RPC substrates 
la and 2a are connected to each other through the connectors 10a and 20a. The 
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connectors 10a and 20a may be designed to include terminals to be mounted on 
the RPC substrates la and 2a, arranged in a matrix. 

FIG. 10 is a perspective view of another example of a conventional 
circuit board unit. 

5 As illustrated in FIG. 10, a connector 31 is mounted on a RPC 

substrate la, and a FPC substrate 30 is connected to the RPC substrate la by 
being inserted into the connector 31. 

In both the circuit board units illustrated in FIGs. 9 and 10, since the 
substrates can be readily separated from each other, a substrate found defective 
10 can be exchanged to a non-defective substrate. 

FIG. 11 is a perspective view of still another example of a conventional 
circuit board unit. 

As illustrated in FIG. 11, a FPC substrate 30 including a connector 32 

is connected directly to a RPC substrate la. 
15 As medium for connecting the substrates to each other, there are 

usually used solder, an anisotropic conductive film (ACF), or anisotropic 

conductive paste (ACP). 

The above-mentioned solder is identical with solder generally used for 

mounting an electronic component onto a substrate. A method of connecting 
20 substrates to each other through solder includes coating solder paste onto 

electrode terminals of the substrates, temporarily fixing the substrates to each 

other, and applying heat and pressure to portions of the substrates at which the 

substrates make contact with each other, to thereby fix the substrates to each 

other. 

25 The above-mentioned anisotropic conductive film (ACF) is a film 

containing a mixture of electrically conductive minute particles and adhesive 
resin, and the above-mentioned anisotropic conductive paste (ACP) is paste 
containing the same. Hence, when the substrates are connected to each other, 
an anisotropic conductive film (ACF) or anisotropic conductive paste (ACP) is 
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sandwiched between the substrates, and then, heat and pressure are applied to 
ACF or ACP to thereby fixedly connect the substrates to each other, similarly to a 
process of connecting the substrates to each other through solder. 

Furthermore, since solder is used for mounting other components onto 
5 a substrate, it would be possible to lower costs. 

However, since solder becomes liquidized when used, it is likely to 
short-circuit adjacent electrodes to each other. Accordingly, solder is not suitable 
to electrical connection of electrodes arranged in a small pitch. A problem would 
be caused, if solder were used for electrical connection of electrodes arranged at a 
10 pitch of 0.3 mm or smaller. 

In contrast, though the above-mentioned anisotropic conductive film 
(ACF) or anisotropic conductive paste (ACP) costs higher than solder, they make 
it possible to electrically connect electrodes arranged in a small pitch, to each 
other. For instance, they may electrically connect electrodes arranged in a pitch 
15 of 0.05 mm, to each other. Thus, a glass substrate and a liquid crystal driver in 
a liquid crystal display device are electrically connected to each other often 
through an anisotropic conductive film (ACF) or anisotropic conductive paste 
(ACP). 

As mentioned earlier, it is necessary in an electronic device such as a 
20 mobile phone or a PDA terminal to mount a plurality of printed circuit boards on 
each of which a lot of electronic components are mounted, in a limited space. In 
particular, since a mobile phone and a PDA terminal are often carried in a pocket 
or a bag, it is quite important to thin and save a space of a connection area at 
which substrates are connected to each other. In order to thin and save a space 
25 of an electronic device, it is beneficial to select connection medium such as solder 
or an anisotropic conductive film (ACF) among the above-mentioned conventional 
connection mediums. 

Since LSI to which the latest technology is applied is frequently 
mounted on electronic devices, a rate at which defectiveness is found in 
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components is relatively high. Hence, if solder is used, it would not be possible 
to reuse substrates connected to each other though solder, if a defectiveness is 
found in the substrates. This results in an increase in fabrication costs. 

If a connection medium which is detachable from a substrate, such as a 
5 connector, is selected, it would be possible to remove a substrate on which a 
defective component is mounted, preventing an increase in fabrication costs, 
though a height of a device at a location where the connector is mounted is 
sacrificed. 

However, a connector is accompanied with problems with respect to 
10 electrical connection, as mentioned below. 

First, since a connector accomplishes electrical connection by making 
contact at a terminal pin thereof with an electrode terminal of a printed circuit 
board, it would be necessary to prepare a space of a terminal pin of the connector 
and an area the terminal pin is fixed, resulting in the limitation in narrowing a 
15 pitch between adjacent terminal pins. For instance, an upper limitation in a 
pitch in a FPC connector is 0.3 mm, and the same in a connector for connecting 
substrates to each other is 0.4 mm. 

As a connector for reducing an area necessary for being mounted on a 
substrate, there may be used a CSP type substrate-to-substrate connector. The 
20 connector reduces an area necessary for being mounted on a substrate, by 
arranging electrodes of a substrate on which the connector is to be mounted, in a 
matrix. 

If electrode terminals were arranged in a matrix, it would be necessary 
to form a wire extending from the electrode terminals into inner layers of a 
25 substrate. Furthermore, if a via-hole is formed at an electrode terminal, the 
electrode terminal is recessed at a surface thereof by about 15 to 40 micrometers. 
Thus, if a CSP type connector having high rigidity is mounted on a substrate, 
there occurs a void, defectiveness in contact, or stress concentration at a via-hole, 
resulting in reduction in reliability. 
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In view of the above-mentioned problems in a conventional circuit 
board unit, it is an object of the present invention to provide a circuit board unit 
which can be thinned and can save a space, even if a plurality of circuit boards 
are connected thereto, and which can connect a plurality of circuit boards to each 
5 other such that one of the circuit boards can be separated from the others. It is 
also an object of the present invention to provide a method of connecting 
substrates to each other, which can do the same as the circuit board unit. 



DISCLOSURE OF THE INVENTION 

10 The present invention provides a circuit board unit including a first 

substrate including, on a surface thereof, a first group of electrode terminals 
arranged in a matrix, a second substrate including, on a surface thereof, a second 
group of electrode terminals arranged in a matrix in alignment with the first 
group of electrode terminals, and an anisotropic electrical conductor sandwiched 

15 between the first and second substrates, wherein the first substrate, the 
anisotropic electrical conductor, and the second substrate are caused to make 
close contact with one another in a pressurized condition to electrically connect 
the first group of electrode terminals and the second group of electrode terminals 
to each other. 

20 It is preferable that the circuit board unit further includes a 

pressurizer pressurizing the first substrate, the anisotropic electrical conductor, 
and the second substrate such that they make close contact with one another. 

For instance, the pressurizer may be designed to include a first plane 
which makes contact with the first substrate, a second plane which makes 
25 contact with the second substrate, and a third plane which keeps the first and 
second planes in parallel with each other. 

It is preferable that the pressurizer is composed of a material having a 
spring characteristic. 

In the circuit board unit, each of electrode terminals in the first and 
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second groups of electrode terminals is formed with at least one via-hole, at least 
one wire extends from the first and second groups of electrode terminals through 
the via-hole and inner layers or a lower surface of the first substrate, and a 
recess caused by the via-hole is absorbed into the anisotropic electrical conductor 
5 due to elasticity thereof when the first substrate, the anisotropic electrical 
conductor, and the second substrate are pressurized. 

In the circuit board unit, each of electrode terminals in the first and 
second groups of electrode terminals is formed with at least one via-hole, at least 
one wire extends from the first and second groups of electrode terminals through 

10 the via-hole and inner layers or a lower surface of the first substrate, the each of 
electrode terminals has a planar area in which the via-hole is not formed, and the 
each of electrode terminals makes contact with the anisotropic electrical 
conductor through the planar area. 

In the circuit board unit, each of electrode terminals in the first and 

15 second groups of electrode terminals is formed with at least one via-hole, at least 
one wire extends from the first and second groups of electrode terminals through 
the via-hole and inner layers or a lower surface of the first substrate, an exposed 
surface of the each of electrode terminals defines a planar surface, and the each 
of electrode terminals makes contact with the anisotropic electrical conductor 

20 through the exposed surface. 

For instance, the first and second groups of electrode terminals are 
arranged in a matrix. Herein, the term "matrix" means that electrode terminals 
are orderly arranged in a grid. It is not always necessary that horizontal and 
vertical rows of the electrode terminals are orthogonal with each other. 

25 It is preferable that the anisotropic electrical conductor includes either 

a metal wire selected from a gold wire, a copper wire, a brass wire, a phosphor 
bronze wire, a nickel wire, or a stainless wire as electrically conductive material, 
or one of metal particles, gold-plated particles, silver-plated particles and 
copper-plated particles. 
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For instance, each of the first and second substrates may be comprised 
of one of a multi-layered flexible circuit board, a multi-layered rigid printing 
circuit board, a double-sided flexible circuit board, and a double-sided rigid 
printing circuit board. 
5 It is preferable that the circuit board unit further includes an adhesive 

layer formed on surfaces of the anisotropic electrical conductor. 

The present invention provides a method of connecting a first substrate 
including, on a surface thereof, a first group of electrode terminals, and a second 
substrate including, on a surface thereof, a second group of electrode terminals 

10 arranged in alignment with the first group of electrode terminals, to each other, 
including a first step of arranging an anisotropic electrical conductor between the 
first and second substrates, and a second step of pressurizing the first substrate, 
the second substrate, and the anisotropic electrical conductor in a thickness-wise 
direction thereof to electrically connect the first group of electrode terminals and 

15 the second group of electrode terminals to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a circuit board unit in accordance with 
the first embodiment of the present invention. 
20 FIG. 2 is a plan view of a circuit board unit in accordance with the first 

embodiment of the present invention. 

FIG. 3 is a cross-sectional view taken along the line A"A in FIG. 2. 

FIG. 4 is a cross -sectional view taken along the line B-B in FIG. 2. 

FIG. 5 is a cross-sectional view taken along a line corresponding to the 
25 line A-A in FIG. 2 in the second example of the circuit board unit in accordance 
with the first embodiment of the present invention. 

FIG. 6 is a cross-sectional view taken along a line corresponding to the 
line B-B in FIG. 2 in the second example of the circuit board unit in accordance 
with the first embodiment of the present invention. 
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FIG. 7 is a cross-sectional view taken along a line corresponding to the 
line A-A in FIG. 2 in the third example of the circuit board unit in accordance 
with the first embodiment of the present invention. 

FIG. 8 is a cross-sectional view taken along a line corresponding to the 
5 line B-B in FIG. 2 in the third example of the circuit board unit in accordance 
with the first embodiment of the present invention. 

FIG. 9 is a plan view of an example of a conventional circuit board unit. 

FIG. 10 is a perspective view of another example of a conventional 
circuit board unit. 

10 FIG. 11 is a perspective view of still another example of a conventional 

circuit board unit. 
(Indication by Reference Numerals) 

1 First substrate 

2 Second substrate 

15 3 Anisotropic electrical conductor 

4 Pressurizer 

5 Inner layer of the first and second substrates 
6, 12, 15 Via-hole 

7 Wiring pattern 
20 8 Alignment mark 

10, 11, 14 First electrode terminal 
13 Recess 

20, 21, 22 Second electrode terminal 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments in accordance with the present invention will 

be explained hereinbelow with reference to drawings. 

(First Embodiment) 

FIG. 1 is a perspective view of a circuit board unit 100 in accordance 
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with the first embodiment of the present invention, and FIG. 2 is a plan view of 
the circuit board unit 100. 

As illustrated in FIGs. 1 and 2, the circuit board unit 100 in accordance 
with the first embodiment is comprised of a first substrate 1 including first 
5 electrode terminals 10 on a surface thereof, a second substrate 2 including second 
electrode terminals on a surface thereof, an anisotropic electrical conductor 3 
sandwiched between the first and second electrode terminals 10 and 20 of the 
first and second substrates 1 and 2, and a pressurizer 4 applying a pressure to 
the first and second electrode terminals 10 and 20 for connection of them. 
10 Each of the first and second electrode terminals 10 and 20 is comprised 

of a plurality of metal terminals (a group of terminals) arranged in a matrix, and 
those metal terminals are in alignment with each other. 

The pressurizer 4 is comprised of a first plane 4a which makes contact 
with a lower surface of the first substrate 1, a second plane 4b which makes 
15 contact with an upper surface of the second substrate 2, and a third plane 4c 
which keeps the first and second planes 4a and 4b in parallel with each other. 

As mentioned later, the pressurizer 4 is composed of a material having 
a spring characteristic. 

As illustrated in FIG. 2, the first substrate 1, the second substrate 2 
20 and the anisotropic electrical conductor 3 are inserted into the pressurizer 4 with 
the anisotropic electrical conductor 3 being sandwiched between the first and 
second substrates 1 and 2. 

The first substrate 1, the second substrate 2 and the anisotropic 
electrical conductor 3 sandwiched between the first and second substrates 1 and 
25 2 are pressed by the pressurizer 4 to cause the anisotropic electrical conductor 3 
to make contact with the first electrode terminals 10 and the second electrode 
terminals 20. As a result, the first electrode terminals 10 of the first substrate 1 
and the second electrode terminals 20 of the second substrate 2 are electrically 
connected to each other through the anisotropic electrical conductor 3. 



The anisotropic electrical conductor 3 contains electrically conductive 
material in order to ensure its electrical conductivity. For instance, a metal wire 
or metal particles may be selected as such electrically conductive material. As a 
metal wire, there may be used a wire composed of gold, copper brass, phosphor 
5 bronze, nickel, stainless or other metals. 

Furthermore, it is possible to lower a resistance of a metal wire by 
partially or wholly plate the metal wire with gold. 

In place of metal particles, there may be used carbon particles or resin 
particles plated with gold. 
10 For instance, an optimal diameter of the metal wire is in the range of 5 

to 40 micrometers. This is because if the metal wire is thick, specifically, if the 
diameter is over 40 micrometers, the anisotropic electrical conductor 3 would 
have too high rigidity, and hence, a higher pressure would be required, and in 
contrast, if the metal wire is thin, specifically, the diameter is smaller than 5 
15 micrometers, the metal wire would have a high resistance, resulting in that the 
metal wire is not suitable for electrically connecting the first and second electrode 
terminals 10 and 20 to each other. 

A pressure for pressurizing the first substrate 10, the second substrate 
20, and the anisotropic electrical conductor 3 by means of the pressurizer 4 is 
20 preferably in the range of 0.05 to 1.2 N per an electrode terminal. 

The pressure is dependent on rigidity, thickness and composition of the 
anisotropic electrical conductor 3, and further on flatness of the electrode 
terminals 10 and 20. 

There may be formed an adhesive layer on surfaces of the anisotropic 
25 electrical conductor 3 making contact with the electrode terminals 10 and 20, 
ensuring that the first and second substrates and the anisotropic electrical 
conductor can be readily assembled, and that it is possible to prevent deviation of 
the anisotropic electrical conductor caused by vibration. The adhesive layer may 
be formed by coating adhesive material, for instance. 
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As the first and second substrates 10 and 20, there may be used any 
one of a FPC substrate and a RPC substrate. 

Hereinbelow are explained examples of a structure of the circuit board 
unit 100 in accordance with the first embodiment, and a method of connecting 
5 substrates to each other. 
[Example 1] 

FIG. 3 is a cross-sectional view taken along the line A-A in FIG. 2, and 
FIG. 4 is a cross-sectional view taken along the line B-B in FIG. 2. 

As illustrated in FIG. 3, each of the first and second substrates 2 is 
10 comprised of a RPC substrate including a substrate 4 composed of FR, and six 
layers 5 formed on the substrate 4 (FIG. 3 illustrates six wiring layers formed on 
five plates). 

As illustrated in FIG. 4, each of the first and second electrode 
terminals 10 and 20 is comprised of 100 terminals arranged in alignment with 

15 each other. Those 100 terminals have a dimension of 0.3X0.3X0.04 mm, and 
are arranged in a 4X 25 matrix at a pitch P of 0.4 mm. 

Each of the first electrode terminals 10 and each of the second 
electrode terminals 20 are formed with a via-hole 6. A wiring pattern 7 extends 
in the via-hole 6 through the second to sixth inner layers of the first and second 

20 substrates 1 and 2. 

Forming the first electrode terminals 10 and the second electrode 
terminals 20 facing the first electrode terminals 10 with the via-hole 6, a recess 
having a depth of about 45 micrometers is formed at surfaces of the electrode 
terminals 10 and 20. The recess is absorbed into the anisotropic electrical 

25 conductor 3 arranged between the first electrode terminals 10 and the second 
electrode terminals 10 due to the elasticity of the anisotropic electrical conductor 
3. Hence, the anisotropic electrical conductor 3 makes close contact with the 
surfaces of the first and second electrode terminals 10 and 20, and thus, the first 
and second electrode terminals 10 and 20 are electrically connected to each other 
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through the anisotropic electrical conductor 3. 

As the anisotropic electrical conductor 3, there is used Si rubber 
including a core having a rubber hardness of 20, and as the electrically 
conductive material, there is used a SUS wire having a diameter of 12 
5 micrometers and plated with Au. The anisotropic electrical conductor 3 has a 
thickness of 0.3 mm, and the pressurizer 4 pressurizes the first substrate 1, the 
second substrate 2, and the anisotropic electrical conductor 3 at 0.6 N per a 
terminal. 

The pressurizer 4 is in the form of a flat-plate spring, and has a 

10 thickness of 0.3 mm. The pressurizer 4 is composed of SUS304CPS. 

Observing alignment marks 8 formed on the first substrate 1, the 
second substrate 2, and the anisotropic electrical conductor 3 with a CCD camera, 
the anisotropic electrical conductor 3 is positioned relative to the first substrate 1, 
and the second substrate 2 is positioned relative to the first substrate 1. A 

15 positioning accuracy is within ±50 micrometers, and all of the 100 electrode 
terminals are tested as to whether a current runs therethrough. 

Each of the first and second electrode terminals 10 and 20 is arranged 
in a 4 X 25 matrix. However, the number of the first and second electrode 
terminals 10 and 20 is not to be limited to 100, and the first and second electrode 

20 terminals 10 and 20 may be arranged in a NX M matrix (N and M are positive 
integers equal to or greater than 2). 

In Example 1, since the first and second electrode terminals 10 and 20 
are arranged in a matrix, it is possible to save a space in comparison with a 
conventional connector. 

25 Furthermore, since connection medium such as solder is not used for 

electrically connecting the first and second electrode terminals 10 and 20 to each 
other, the substrates 1 and 2 are not damaged. In addition, since one of the 
substrates can be readily separated from the other, it would be possible to 
connect detachable substrates to each other, similarly to a case where substrates 



are connected to each other through a connector. 
[Example 2] 

FIG. 5 is a cross-sectional view taken along a line corresponding to the 
line A-A in FIG. 2 in Example 2, and FIG. 6 is a cross-sectional view taken along 
5 a line corresponding to the line B-B in FIG. 2 in Example 2. 

Similarly to Example 1, each of the first and second substrates 2 in 
Example 2 is comprised of a RPC substrate including a substrate 4 composed of 
FR, and six layers 5 formed on the substrate 4. 

As illustrated in FIG. 6, each of first and second electrode terminals 11 
10 and 21 is comprised of 100 terminals arranged in alignment with each other. 
Those 100 terminals have a dimension of 0.3X0.5X0.04 mm, and are arranged in 
a 4X25 matrix at a X-direction pitch Px of 0.4 mm and a Y-direction pitch Py of 
0.6 mm. 

The first electrode terminals 11 arranged in a matrix at a surface of the 
15 first substrate 1 and the second electrode terminals 21 arranged in a matrix at a 
surface of the second substrate 2 are formed with a via-hole 12. A wiring 
pattern 7 extends in the via-hole 12 through the second to sixth inner layers of 
the first and second substrates 1 and 2. 

Forming the first electrode terminals 11 and the second electrode 
20 terminals 21 facing the first electrode terminals 11 with the via-hole 12, a recess 
13 having a depth of about 45 micrometers is formed at surfaces of the electrode 
terminals 11 and 21. 

Hence, the electrode terminals 11 and 21 in Example 2 are formed with 
planar areas 11a and 21a, respectively, in adjacent relation to the recess 13. For 
25 instance, by designing an area of the surfaces of the electrode terminals 11 and 
21 to be 1.5 to 3 times larger than an area of the via-hole 12, it is possible to 
enlarge a planar portion of the electrode terminals 11 and 21 to thereby form the 
planar areas 11a and 21a. 

For instance, if the via-hole 12 has a diameter of 0.1 mm, the electrode 
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terminals 11 and 21 are designed to have a length (a length in a left-tcrright 
direction in FIG. 5) of 0.3 mm. 

By forming the planar areas 11a and 21a, it is no longer necessary to 
deform the anisotropic electrical conductor 3 to make close contact with the 
5 recess 13 formed at surfaces of the electrode terminals 11 and 21, that is, to 
absorb the recess 13 into the anisotropic electrical conductor 3 due to the 
elasticity of the anisotropic electrical conductor 3. Since the electrode terminals 
11 and 21 make contact at the planar areas 11 and 21a with the anisotropic 
electrical conductor 3, the electrode terminals 11 and 21 are electrically 

10 connected to each other with small load. 

As the anisotropic electrical conductor 3, there is used Si rubber 
including a core having a rubber hardness of 20, and as the electrically 
conductive material, there is used a SUS wire having a diameter of 12 
micrometers and plated with Au. The anisotropic electrical conductor 3 has a 

15 thickness of 0.3 mm, and the pressurizer 4 pressurizes the first substrate 1, the 
second substrate 2, and the anisotropic electrical conductor 3 at 0.1 N per a 
terminal. 

The pressurizer 4 is in the form of a flat-plate spring, and has a 
thickness of 0.3 mm. The pressurizer 4 is composed of SUS304CPS. 

20 Observing alignment marks 8 formed on the first substrate 1, the 

second substrate 2, and the anisotropic electrical conductor 3 with a CCD camera, 
the anisotropic electrical conductor 3 is positioned relative to the first substrate 1, 
and the second substrate 2 is positioned relative to the first substrate 1. A 
positioning accuracy is within ±50 micrometers, and all of the 100 electrode 

25 terminals are tested as to whether a current rims therethrough. 

Each of the first and second electrode terminals 11 and 21 is arranged 
in a 4 X 25 matrix. However, the number of the first and second electrode 
terminals 11 and 21 is not to be limited to 100, and the first and second electrode 
terminals 11 and 21 may be arranged in a NX M matrix (N and M are positive 
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integers equal to or greater than 2). 

In Example 2, since the first and second electrode terminals 11 and 21 
are arranged in a matrix, it is possible to save a space in comparison with a 
conventional connector. 
5 Furthermore, since connection medium such as solder is not used for 

electrically connecting the first and second electrode terminals 11 and 21 to each 
other, the substrates 1 and 2 are not damaged. In addition, since one of the 
substrates can be readily separated from the other, it would be possible to 
connect detachable substrates to each other, similarly to a case where substrates 

10 are connected to each other through a connector. 

Furthermore, in comparison with Example 1, it is possible in Example 
2 to reduce a pressure to be applied to the first substrate 1, the second substrate 
2 and the anisotropic electrical conductor 3 through the pressurizer 4. 
Specifically, whereas a force of 0.6 N was applied to them in Example 1, a force of 

15 0.1 N is applied to them in Example 2. 
[Example 3] 

FIG. 7 is a cross-sectional view taken along a line corresponding to the 
line A-A in FIG. 2 in Example 3, and FIG. 8 is a cross-sectional view taken along 
a line corresponding to the line B"B in FIG. 2 in Example 3. 
20 As illustrated in FIG. 7, as the first and second substrates 1 and 2 in 

Example 3, there is used a double-sided FPC comprise of a polyimide substrate, 
and a copper wiring layer formed on surfaces of the polyimide substrate. 

As illustrated in FIG. 8, each of first and second electrode terminals 14 
and 22 is comprised of 100 terminals arranged in alignment with each other. 
25 Those 100 terminals have a dimension of 0.2 X 0.2 X 0.04 mm, and are arranged in 
a 4X 25 matrix at a pitch P of 0.4 mm. 

Via-holes 15 through which wirings 7 extend to a lower surface of the 
substrate from the electrode terminals 14 and 22 are filled with Cu paste. By 
applying Cu electrolytic plating to the via-hole by a thickness of 15 micrometers 
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after the via-hole 15 has been filled with Cu paste, a recess caused at surfaces of 
the electrode terminals 14 and 22 by the formation of the via-hole 15 is filled with 
Cu. As a result, the electrode terminals 14 and 22 have a height of about 19 
micrometers, and further have a flat surface having flatness of about 5 
5 micrometers. 

As the anisotropic electrical conductor 3 arranged between the 
electrode terminals 14 and 22, there is used Si rubber including a core having a 
rubber hardness of 40, and as the electrically conductive material, there is used a 
SUS wire having a diameter of 12 micrometers and plated with Au. The 
10 anisotropic electrical conductor 3 has a thickness of 0.3 mm, and the pressurizer 
4 pressurizes the first substrate 1, the second substrate 2, and the anisotropic 
electrical conductor 3 at 0.12 N per a terminal. 

The pressurizer 4 is in the form of a flat-plate spring, and has a 
thickness of 0.3 mm. The pressurizer 4 is composed of SUS304CPS. 
15 Observing alignment marks 8 formed on the first substrate 1, the 

second substrate 2, and the anisotropic electrical conductor 3 with a CCD camera, 
the anisotropic electrical conductor 3 is positioned relative to the first substrate 1, 
and the second substrate 2 is positioned relative to the first substrate 1. A 
positioning accuracy is within ±50 micrometers, and all of the 100 electrode 
20 terminals are tested as to whether a current runs therethrough. 

Each of the first and second electrode terminals 14 and 22 is arranged 
in a 4X25 matrix. However, the number of the first and second electrode 
terminals 14 and 22 is not to be limited to 100, and the first and second electrode 
terminals 14 and 22 may be arranged in a NX M matrix (N and M are positive 
25 integers equal to or greater than 2). 

In Example 3, similarly to Examples 1 and 2, since the first and second 
electrode terminals 14 and 22 are arranged in a matrix, it is possible to save a 
space in comparison with a conventional connector. 

Furthermore, since connection medium such as solder is not used for 

16 



electrically connecting the first and second electrode terminals 14 and 22 to each 
other, the substrates 1 and 2 are not damaged. In addition, since one of the 
substrates can be readily separated from the other, it would be possible to 
connect detachable substrates to each other, similarly to a case where substrates 
5 are connected to each other through a connector. 

Furthermore, since the recess formed on surfaces of the electrode 
terminals 14 and 22 due to the formation of the via hole 15 is filled with Cu, it is 
possible in Example 3 to reduce a pressure to be applied to the first substrate 1, 
the second substrate 2 and the anisotropic electrical conductor 3 through the 
10 pressurizer 4, in comparison with Example 1. Specifically, whereas a force of 0.6 
N was applied to them in Example 1, a force of 0.12 N is applied to them in 
Example 3. 



INDUSTRIAL APPLICABILITY 

15 As having been explained so far, in accordance with the present 

invention, since electrode terminals are arranged in a matrix, it is possible to 
thin the circuit board unit and save a space in the circuit board unit in 
comparison with a conventional connector. Furthermore, since connection 
medium such as solder is not used for connecting electrode terminals mounted on 

20 substrates, to each other, the substrates are not damaged, and one of the 
substrates can be readily separated from the other. 
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